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a b s t r a c t

Ficus elastica known as the Indian rubber tree has a white, milky latex that is a source of

natural rubber was analyzed for its phytochemicals as an intermediate energy source.

The tree produces a high quantity of protein and oil (24.5 and 6.1% respectively). The

polyphenol content was 4.2%, and hydrocarbon content was 2%. The gross calorific value

of the plant sample was 28.7 MJ kg�1, much higher than that of methanol (22.4 MJ kg�1),

but comparable to anthracite coal (29.7 MJ kg�1). The gross calorific value of the oil

fraction was 32.8 MJ kg�1. This species also contains high levels of ortho-dihydroxy

phenols which may be related to disease resistance to some pathogens. It also possesses

compounds with antimicrobial activity and a range of pharmacological activities. F.

elastica has several chemical constituents, other than rubber, which have potential uses

and warrant further study.

ª 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Growing plants as a renewable energy source is of increasing

interest. The products obtained after processing are deriva-

tives of the total biomass, and after it is separated from the

cellulosic plant material, it can be used directly as diesel fuel

in some cases, or it can be converted to a convenient liquid

fuel, such as gasoline. Cultivation of plants which already

produce hydrocarbon-like compounds is attractive because

the conversion of this type of plant extract to energy is effi-

cient, since the material is already in a reduced form.

A large number of plant species are capable of reducing

carbon dioxide beyond carbohydrates to isoprenoids (C5H8) or

other hydrocarbon-like compounds. Since Ficus species show

an accumulation of potentially useful secondary products,

it has been proposed for the study of its hydrocarbon

production. Ficus elastica Roxb. has been identified as one of

the few potential rubber producing crops [1].

F. elastica is a tree species belonging to the Moraceae

family, and is known as the Indian and Assam rubber tree,

whose white, milky latex is the source of natural rubber. It is

adaptable for annual pollarding with also a potential fiber

value and is distributed throughout Tamil Nadu. The tree

grows profusely without any agronomic management and

survives well under extreme environmental conditions, such

as high temperature and limitedwater supply. It is propagated

through stem cutting, but requires initial care to become

established. Study on its growth characteristics especially on

growth rates in different climatic conditions warrant further

study.
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Polyisoprene is the main constituent of latex, which varies

in quantity andweight from species to species. Lowmolecular

weight natural rubber would be of interest as a plasticizing

additive (processing aid) to rubbermixes, for making adhesive

cements and if low enough in cost as hydrocarbon feed stocks

[2]. A high calorific value of the hydrocarbon fraction suggests

that the fraction may contain low molecular weight mole-

cules. F. elastica latex consists of low molecular weight and

short chain molecules. The quantity of rubber depends on the

amount of metabolic substrates present which might be

converted into rubber [3]. Latex of F. elastica has been reported

to have low hypoallergenicity compared the Heva brasiliensis

latex proteins and is a possible substitute for ameliorating

Heva latex allergies [4].

Simple or complex phenols can be related to defense in

plants [5], since these phenolics are high skin irritants and

carcinogenic to animals. They also act as a gustatory repellent

[6]. The considerable amount of ortho-dihydroxy phenolsmay

be related to plant disease resistance, since they are poisonous

and highly reactivewith the amino acids of the pathogen, thus

rendering them biologically inactive [7]. Herbivores graze

F. elastica only a little and shy away. It possesses antimicrobial

activity and the leaf extract is applied on skin infections,

allergies of the skin, and as a diuretic [8]. Polyphenols are

generally used to manufacture various adhesives, phenolic

resins, and antioxidants [2,9,10].

Plant steroids and alkaloids are mostly poisonous even in

minute quantities. They are often toxic to man and animals

and have dramatic physiological activities, hence they are in

wide use in medicine preparation. The species with these

compounds exhibit a wide range of pharmacological acti-

vity like analgestic, emetic, vermifuge, diaphoretic, and anti-

tumourous [11].

The objective of the study was to analyze the phytoche-

micals of the whole plant samples of F. elastica as an inter-

mediate energy source.

2. Materials and methods

Whole plant samples were randomly collected (recent growth

from the trees of F. elastica) including leaves, stems, seeds and

any flowers if available which is referred to as “whole plant

sample” during the spring season in and around the Virud-

hunagar Hindu Nadars Senthikumara Nadar (VHNSN) College

campus from healthy plants of similar age (approximately 15

years old), height, and circumference growing in same agro-

climatic zone. The VHNSN campus is located at 9.575169� N

Lat, and 77.971693 �E Long in the city of Virudhunagar in the

Tamil Nadu province of India. A minimum of 15 populations,

each containing 10e20 plants with a total fresh weight of

2000e2500 g were combined into one sample for chemical

analyses. The sample was sub-sampled twice. Recent growth

from trees of F. elastica was collected and allowed to air dry in

a protected sheltered area at ambient summer conditions.

After thoroughly drying, the samples were ground in a Wiley

mill equipped with a 1-mm diameter sieve.

Extractable fractionswere removed from the plant biomass

using propan-2-one followed by n-hexane in a Soxhlet appa-

ratus for a minimum of 24 h per solvent. The propan-2-one

extracts were allowed to dry at 45 �C for 48h and partitioned

betweenn-hexane and aqueous ethanol (water:ethanol, 1:7) to

obtain fractions ‘oil’ and ‘polyphenol’, which were oven dried

at 45 �C for 48 h and weighed for yield. The ‘hydrocarbon’

fraction was also oven dried at 40 �C for 36 h and weighed for

yield after removal of the n-hexane [9,10].

2.1. Analytical analysis

Ground sub-samples were analyzed for ash and lignin content

[12]. Protein content was determined by the Kjeldahl method

[13]. Nuclear Magnetic Resonance Spectra (NMR) spectra of

hydrocarbon fractions were recorded using a Bruker AC 300 F

NMR spectrometer (300 MHz) with tetramethylsilane (TMS) as

the internal standard and (deuterochloroform) CDCl3 as the

solvent. Gross calorific values of the plant sub-samples, oil

and hydrocarbon fractions, were determined using a Tosh-

niwal Model cc. O. 1, Bomb Calorimeter [14]. Primary and

secondary metabolites of the plant sample were estimated

using a spectrophotometer. Carbohydrate were determined

using the phenol-sulphuric acidmethod [15,16]. Total phenols

were determined using the FolineCiocalteaumethod [17], and

ortho-dihydroxy phenols (OD phenols) [18]. Phytochemicals

namely steroids, flavonoids, and alkaloids were tested either

for their presence or absence [19].

2.2. Statistical analysis

Three replications of each sub-sample were evaluated for

extraction of chemical constituents, protein, ash content, and

gross calorific value. Values in Table 1 are the means of three

replications, � standard deviation (S.D.).

3. Results and discussion

In the present study, F. elastica had a substantial amount of

both protein with 24.5% and an oil content of 6.1%. The tree

species yielded 4.2% polyphenol, and 2% hydrocarbon. Since

the species yields a high quantity of protein, it has the

potential of providing a protein rich feed for cattle [20]. If

properly handled and all antinutritional factors are removed

that complicate its usage [21], such as alkaloids that pose

threat to palatability, and glucosides viz. saponins [22], it

could be used as animal feed.

The extracted oil sample was slightly gummy, and viscous

in nature at room temperature. If properly treated to reduce its

viscosity [23], it could be a promising alternative to conven-

tional oils. Oil in this species is either a major component of

latex or distributed throughout the plant body. The milky

exudates of F. elastica contain about 30% caoutchouc (rubber).

The leaves contain polyphenols viz. ficaprenol-10, -11 and -12,

probably same as castaprenol-10, -11, and -12 [1]. Determi-

nation of the annual latex yield and processing required still

need to be studied further.

3.1. Gross calorific values

Gross calorific value of the plant samples, oil, and hydro-

carbon fractions are shown in Table 1. The potential of the
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plant sample as a promising intermediate energy source is

also confirmed by the quantity of ash and lignin. The samples

contained 0.8% ash, and 47.1% lignin. High ash content had

a negative effect on the calorific value in two milkweed

species [24]. The high gross calorific value can also be attrib-

uted to the high percentage of oil, polyphenol, and hydro-

carbon present in the tissues.

The gross calorific value of the oil fraction was

32.8 MJ kg�1 which is higher than that of anthracite coal

29.7 MJ kg�1. The hydrocarbon fraction of F. elastica had

a high gross calorific value comparable to that of Mexican

fuel oil. Indian rubber tree samples with hydrocarbon yields

of 2%, and gross calorific value of 37.7 MJ kg�1 could be

a promising candidate for future use and warrants further

detailed study such as climatic range yield, responses to rain

fall, cost of separating “product” from the cellulosic material,

and cost of producing wood.

3.2. NMR spectroscopy

The Nuclear Magnetic Resonance spectra revealed that the

hydrocarbon fraction have cis-methyl with 1,2 moiety þ
methylene nearly trans [25,26]. These low molecular weight

and short chain molecules as trans polyisoprene (gutta) can

have large-scale application as both additional thermoplastics

and thermosetting resins [27].

3.3. Phytochemical properties

The qualitative tests revealed that the whole plant sample

contained steroids and alkaloids. The plant samples contained

1.1% carbohydrates, 1.1% total phenols, and 1.3% OD phenols.

4. Conclusions

F. elastica is a potential alternative multi-use species because

of its hydrocarbon production (2.0%) and high calorific value

(28.7 MJ kg�1). It also has a high protein and oil yield. The low

ash content of the Indian rubber tree has a positive effect on

the high gross calorific value. F. elastica has several chemical

constituents, other than rubber, which have potential uses

and warrants further study.
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